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Germination of the Seeds of some common cultivated Plants after 
prolonged Immersion in Liquid Air* 

By A. D. Sei.by 

During the winter season of 1 900-1 901, Mr. J. E. Woodland, 
of Wooster, who was traveling at the time conducting experiments 
with liquid air, suggested to the writer the desirability of sub- 
jecting seeds to the low temperatures resulting from immersion in 
the liquid air, and very kindly offered to conduct the immersion if 
the seeds and the directions for the work were supplied. This gen- 
erous offer on the part of Mr. Woodland entailed no small labor 
as he was traveling from place to place and his time was absorbed 
in his lecture work. It is needless to state that the offer of coop- 
eration was accepted. Packages of seeds of Riciims, Lupinns 
luteus, maize, flax, wheat, rye, cucumber, Mimosa pudica, O110- 
brychis sativa, Finns sylvestris, Cotoneaster buxifolia, and Chenopodium 
album, consisting of a limited number of seeds of each species, 
were tied separately in open Swiss cloth and these were collec- 
tively for each set united in small bundles. Properly enclosed 
these were transmitted by mail and returned after immersion in the 
medium, liquid air. The seeds were then germinated upon moist- 
ened filter paper together with untreated seeds out of most of the 
original packages from which the immersed seeds were taken. By 
an oversight or by neglect to reserve them, the seeds of maize, 
Ricinus, Lupinus luteus and Chenopodium album are not recorded 
in the check lots. The germination of the untreated seeds of the 
latter is thought to have been good. The seeds of Cotoneaster 
did not prove germinable. 

Similar lots of the seeds were also planted in the greenhouse in 
flats, and while the germinations were decidedly irregular in the 
soil, they may possess interest. Those who have endeavored to 
grow many sorts of seeds in soil under glass in the mid-winter 
season, may be less surprised than others at this feature. The 



* Presented in abstract before Section G, American Association for the Advance- 
ment of Science, Denver Meeting, August, 1901. 
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lots of seeds consisted of 10 to 25 seeds of each species for germi- 
nation in soil and tester. 

The manner of immersion was by sudden approach of the seeds 
from room temperature to that of immediate, complete and pro- 
longed immersion beneath the liquid air, the seeds the while being 
contained in the gauzy cotton, which we may designate " sudden 
transition," or by gradual approach of the seeds into nearness with 
the liquid air followed by the complete immersion therein and 
similar gradual withdrawal, "gradual transition." 

Summarized, the treatment of the several lots was as follows : 
By sudden transition : 

One lot 6 hours' immersion under liquid air. 

One lot 12 hours' immersion under liquid air. 
By gradual transition : 

One lot 24 hours' immersion under liquid air. 

One lot 48 hours' immersion under liquid air. 

Save the seeds of maize, no apparent change occurred as a re- 
sult of the low temperature to which they were subjected. The 
kernels of maize cracked badly, showing that the hardened endo- 
sperm could not withstand the stress imposed. It was curious to 
observe these germinate with fragments of the endosperm missing. 
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Table II 

Germination* Percentages of treated and untreated Seeds in Soil 







Immersed in Liquid Air by 


Immersed in Liquid Air by- 










sudden Transition 


gradual Transition 




Orig Seeds 


6 hours 


12 hours 


24 hours 


48 hours 


Name of Seed 


































































en 




















;>> 








>\ 








>. 


>> 




i* 




>> 






















rt 






C3 ' CTt 






















•a 


T3 


T3 


■o 


-a 


-a 


T3 


*o 


T3 


T3 : T2 


*U 




T3 


-0 




■d 


TJ 








Tt- 


0\ 


H 


in 
■ « 


-*■ 


\0 


H 




* 


l-> i -* 




m 




>o 




7 



7 


■*■ 


■o 








Onobrychis sativa 








O 








4 




I 


4 





Mimosa pudica 








20 













1 


24 








lb 








16 


Pinus sylvestris 








7 













I 























Helianthus annuus 




66 


80 


80 




40 


60 


60 




42 42 


SO 




60 


60 


60 20 


40 


40 


40 


Cucumis sativus 






















1 





7 


7 


7 


7 











Secah cereale 


20 


S3 


S3 


S3 


v 


76 


76 


7-6 


16 


■56.60 


60 


72 


80 


80 


80 


80 


84 


84 


84 


Triticum sativum 


20 


86 


86 


86 


36 


68 


88 


88 


16 


92 92 


Q2 


72 


76 


76 


76 


60 


76 


80 


80 


Linum usitatissimum 




47 


47 


47 




8 


12 


12 


8 


24 


36 


.36 


12 


44 


44 


44 


36 


44 


48 


48 


Zea Mays 











Not tested. 





























Ricinus communis 








47 


a a 








50 















33 


33 


Lupinus luteus 











a a 





























Chenopodium album 








36 


a tc 






8 


40 






J 3 


27 






16 


32 



Somewhat of irregularity in the length of the day periods is 
due to the fact that these lots were handled at different times and 
equal intervals were not followed. 

It is not apparent to the writer that any marked unfavorable 
effect on germinable seeds may be traced to the immersion, that is, 
to the extremely low temperature to which they were subjected. 
Gradations appear with respect to the results of a longer or shorter 
operation of the cold, perhaps, more conspicuously on seeds of 
lower vitality. With sunflower, wheat, rye, even the prolonged 
period of 48 hours has increased if it has in any manner changed 
the promptness of germination, comparing the more regular germi- 
nation upon moistened filter paper.* 

The temperature of liquid air is stated at — 190 C. Certainly 
the seeds immersed in liquid air for 48 or even 24 hours would 
scarcely fail to come to the temperature of the surrounding me- 
dium. Physiologists will doubtless agree that only dry seeds may 
withstand this low temperature. For the agriculturist the ex- 
periments of this class enforce a homely injunction to prepare in 
advance of the winter. 



; " MacDougal, Practical Text-book of Plant Physiology, 89-91. 19OI. 
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The papers upon this subject by Brown and Escombe, and 
Thisleton-Dyer did not come to my attention until after my work 
was finished. Since I find a substantial agreement in the results 
of the three separate series of experiments no further discussion 
seems necessary. 

The writer would acknowledge his obligation to his assistant 
at the Station, Mr. John F. Hicks, who has conducted the 
germination tests. 

Supplemental Note 

Upon going over considerable of the literature relating to the 
effect of cold upon seeds and particularly upon their germination, 
one is impressed by the discovery in every case of the survival of 
the germinative power after subjection to the lowest temperature 
obtainable at the time of the experiment. 

M. Edwards and M. Colin (1834) subjected seeds of wheat, 
barley, rye and broad bean to a temperature which froze mercury, 
permitting the seeds to remain for fifteen minutes after which their 
power of germination was unchanged. Wartman ( 1 860) made his 
experiments upon seeds of Linaria bipartita, Clarkia elcgans, 
NemopJiila insignis, Lepidium sativum, Triticum sativum, Hordeum 
vulgarc, Avcna sativa, Portidaca oleracca and EscJischoltzia Cali- 
fornica, subjecting one lot to a temperature of — 57 C. for thirty 
minutes and another to — uo° C. for twenty minutes after which 
germination was unimpaired. 

Wartman concludes " II est done certain que la grand froid 
que l'homme sache produire ne detruit point la vitalite des graines, 
et ne 1'amoindrit pas le meme," a conclusion which seems to 
apply without change to the later experiments of de Candolle and 
Pictet when the liquefaction of gases became more easily attained 
as well as to the briefly announced results of Dewar and McKen- 
drick(i8q2), to the extended series of seeds experimented upon by 
Brown and Escombe (1897) and to the more rigorous conditions 
but fewer seeds under experiment by Thisleton-Dyer. 

The experiments of Brown and Escombe were upon twelve 
sorts of seeds by subjecting them for 1 10 hours to the temperature 
secured by immersion in liquid air which they state as 183 degrees 
C. to 192 degrees C. The seeds represent a wide range of 
families and a wide difference in composition. 
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To the writer the consonance of the results of a long series of 
experiments by different persons, by subjecting seeds to extremely 
low temperatures, appeals with its cumulative force. The facts 
lend a new significance to the latent life of seeds. 
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